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Abstract
To determine in patients with abdominal aortic aneurysm (AAA) the coronary calcium burden and prevalence of coronary artery disease
(CAD) in relation to cardiovascular risk factors, and to assess the left ventricular (LV) function using cardiac computed tomography (CT).
Sixty consecutive patients (six females; 72.2"9.0 years) with AAA underwent dual-source CT calcium scoring and coronary angiography
prior to AAA repair. In the 60 patients, the Framingham risk score (FRS) ranged from 5–43%. Twenty patients (33%) were at low, 16 (27%)
at intermediate, and 24 (40%) at high risk for cardiovascular disease. The median Agatston score (AS) was 393 (0–3538). No significant
correlation was found between AS and FRS (Ps0.76). 846y851 coronary segments (99%) in 57y60 patients (95%) were depicted with a
diagnostic image quality. Significant stenoses were found in 132y846 segments (16%) in 33y60 patients (55%). Five patients (8%) with
significant coronary artery stenosis showed reduced LV function wejection fraction (EF)-50%x. The extent of CAD was significantly correlated
with AS (rs0.43, P-0.01), whereas no correlation was found for FRS (Ps0.55). Cardiac CT is feasible in patients with AAA and allows for
the assessment of coronary calcium, coronary stenoses, and LV function. The calcium burden and coronary stenoses assessment with cardiac
CT provides incremental information beyond traditional cardiovascular risk factors alone.
 2009 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
Keywords: Coronary artery disease; Computed tomography; Coronary angiography; Aortic aneurysm
1. Introduction
Patients with abdominal aortic aneurysms (AAA) are
known to have a high prevalence of coronary artery disease
(CAD). Complications involving the heart represent the
major cause of peri-procedural death accounting for about
7% mortality w1x. Thus, investigation and treatment for CAD
is important in order to improve the long-term outcome of
patients intended to undergo AAA repair w2x.
Various scores have been developed for stratifying the
cardiovascular risk. The Framingham method is a multivari-
able statistical model and can be used as a surrogate for
cardiovascular morbidity and mortality w3x. Despite of the
clinical use of such scores, however, limitations exist that
may result in a failure to discriminate patients who will or
will not experience peri-procedural or long-term cardiac
complications w4x.
Cardiac computed tomography (CT) allows for measuring
the coronary calcium burden and for evaluating the coro-
 This study has been supported by the National Center of Competence in
Research, Computer Aided and Image Guided Medical Interventions of the
Swiss National Science Foundation.
*Corresponding author. Tel.: q41-44-255-1111; fax: q41-44-255-4443.
E-mail address: paul.stolzmann@usz.ch (P. Stolzmann).
nary arteries with respect to stenoses calcium scoring has
been shown to be an accurate method for the prediction
of future cardiac events w4, 5x, whereas CT coronary angio-
graphy allows to reliably diagnose significant coronary
stenoses w6x. In addition, CT data can be used to accurately
assess left ventricular (LV) function w7x.
The purpose of this study was to determine the distribu-
tion of coronary calcium, the prevalence of coronary sten-
oses, and the global LV systolic function using cardiac CT
in relation to traditional cardiovascular risk factors in
patients prior to AAA repair.
2. Materials and methods
2.1. Patients
From July 2007 to January 2008, 60 consecutive patients
(six females; 72.2"9.0 years) underwent cardiac CT prior
to elective AAA repair (Table 1). All patients underwent CT
calcium scoring and coronary angiography wcontraindica-
tions: renal insufficiency (ns2), hypersensitivity to con-
trast medium (ns0)x.
Time interval between CT and AAA repair was 15"18 days
(1–65 days). Our local Ethics Board approved this single
center study and waived the informed consent.
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Table 1
Patient demographics and characteristics (ns60)
Males 90%
Females 10%
Age (years) 72.2"9.0
Body mass index (kgym )2 26.4"4.0
Cardiac risk factors
Hypertension 87%
Nicotine abuse 70%
Hyperlipidemia 52%
Family history 13%
Diabetes mellitus 8%
Cardiovascular risk
Low 33%
Intermediate 27%
High 40%
Cardiac symptoms
Asymptomatic 90%
Typical chest pain 7%
Atypical chest pain 3%
History of myocardial infarction 12%
Previous CABG or PCI 13%
Vascular co-morbidities
Peripheral arterial occlusive disease 23%
Cerebrovascular occlusive disease 8%
Renal artery occlusive disease 5%
Data are percentages or mean"standard deviation. CABG, coronary artery
bypass graft; PCI, percutanous coronary intervention.
2.2. Cardiovascular history and Framingham
risk scoring (FRS)
One observer reviewed the patient medical records with
regard to the cardiovascular history. Cardiovascular risk
factors were assessed on the basis of the FRS w3x.
2.3. Cardiac CT data acquisition and image
reconstruction
All patients underwent dual-source CT (Somatom Defini-
tion, Siemens Healthcare, Forchheim, Germany) calcium
scoring and coronary angiography. After the non-enhanced
scan for calcium scoring, 80 ml of contrast material (Ultra-
vist 370, Bayer Schering Pharma) were administered at a
flow rate of 5 mlys, followed by 30 ml of saline solution.
Start of data acquisition was controlled by bolus-tracking
(threshold 140 HU).
Slice acquisition was performed by 2=64=0.6 mm, the
pitch was 0.2–0.5, tube potential was 120 kV. The tube
current time product was set at 80 mAsyrotation for the
non-enhanced scan, and at 330 mAsyrotation for the
contrast-enhanced scan. Non-enhanced CT-scans were
reconstructed at 70% of the RR-interval using 3.0 mm
non-overlapping slices (kernel B35f). CT coronary angio-
graphy data were reconstructed in 5% steps throughout the
cardiac cycle with a slice thickness of 0.75 mm (increment
0.5 mm) (kernels B26f and B46f).
2.4. Calcium scoring
One experienced reader determined the Agatston score
(AS) w8x using dedicated software (Syngo CaScore, Siemens
Healthcare).
Based on the AS, patients were subdivided: patients
with an ASs0; 0-ASF100; 100-ASF400; 400-ASF1000;
AS)1000.
The AS-related risk of each patient was stratified using
age- and gender-related percentiles w9x: patients with an
ASF25th percentile; 25th-ASF50th percentile; 50th-
ASF75th percentile; 75th-ASF90th percentile; AS)90th
percentile.
Patients with an AS)75th percentile were classified to be
at high risk w9x.
2.5. CT coronary angiography
CT data were assessed by two independent observers.
Coronary segments were classified as being of diagnostic
or non-diagnostic image quality. Both readers assessed all
diagnostic segments for the presence of significant coronary
artery stenoses (diameter reduction )50%) on multi-planar
reformations. For any disagreement in data analysis, con-
sensus agreement was appended.
2.6. LV function
LV function was determined using semi-automated soft-
ware (Syngo Circulation, Siemens Healthcare). End-systolic
and end-diastolic phases were visually identified. Epicardial
and endocardial contours were semi-automatically detect-
ed and corrected, if necessary. From calculated volume
data, the ejection fraction (EF) was calculated and consid-
ered normal when )50%.
2.7. Statistical analysis
All statistical analyses were performed by using commer-
cially available software (SPSS, release 15.0, Chicago, IL,
USA). Inter-observer agreements concerning image quality
and the presence or absence of significant coronary artery
stenosis were assessed by using kappa (k) statistics. Cor-
relation analyses were performed using Spearman rank
order correlation coefficients. Correlations were assessed
between the dimensions of AAA, AS, AS-related percentiles,
FRS, and extent of CAD (i.e. single-vessel, two-vessel, and
three-vessel disease). A P-value of -0.05 was considered
to indicate statistical significance.
3. Results
3.1. Patients
Mean heart rate during CT was 63"7 bpm (41–110 bpm).
Mean maximum AAA diameter was 64"15 mm (42–100 mm),
mean AAA length was 73"35 mm (45–108 mm). 15y60
patients (25%) were clinically symptomatic, whereas 45
patients (75%) showed an AAA size growth.
3.2. Cardiovascular history and cardiovascular risk
Mean FRS estimated a 10-year risk for cardiac events of
17"8% (5–43%) (Table 1).
3.3. Calcium scoring
CT calcium scoring revealed coronary calcifications in
57y60 patients (95%). Median AS was 393 (0–3538). One
of three patients with no calcified plaques showed normal
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Fig. 1. Bar chart visualizing the distribution of patients based on their Agat-
ston score (a) and the Agatston score-related percentiles normalized to age
and gender (b). Analysis of the Agatston score-related percentiles showed
that 53% patients were at high risk (i.e. above the 75th percentile).
Fig. 2. Box plot showing the Framingham risk score (a) and the Agatston score
(b) of patients with respect to the extent of coronary artery disease (i.e. no
significant coronary artery stenosis, one-vessel, two-vessel, or three-vessel
disease). Boundary of boxes indicates 25th and 75th percentile, and line
within box indicates the median. Error bars indicate smallest and largest
values within 1.5 box lengths. The Agatston score significantly correlated
(rs0.43, P-0.01) with the extent of coronary artery disease, whereas no
correlation was found for the Framingham risk score (Ps0.55).
coronary arteries. The other two patients had an occlusion
of the right coronary artery and a non-significant stenosis
of the right coronary artery caused by soft-plaques.
AS-related percentiles stratified 32y60 patients (53%)
as having an AS)75th percentile (Fig. 1). No significant
correlation was found between AS and FRS (Ps0.76). AS-
related percentiles did not correlate with the FRS
(Ps0.85).
3.4. CT coronary angiography
Inter-observer agreement was good (ks0.71) for image
quality ratings and excellent (ks0.86) for the detection of
coronary stenoses.
846y851 segments (99%) in 57y60 patients (95%) were
depicted with diagnostic image quality. 130y856 coronary
segment (15%) and 2y17 bypass graft segments (11%) were
classified as having significant stenoses. Stent patency was
documented in two coronary segments (100%).
Twenty-seven patients (45%) had no significant coronary
stenosis, 16 patients (27%) had a one-vessel CAD, 10
patients (17%) had a two-vessel CAD, and 7 patients (11%)
had a three-vessel CAD. Conventional catheter angiography
(CCA) confirmed significant stenosis in 11y33 patients (33%)
in whom CT demonstrated significant coronary stenosis.
No significant correlation was found between the extent
of CAD and FRS (Ps0.55), whereas AS (rs0.43, P-0.01)
and AS-related percentiles (rs0.51, P-0.001) significantly
correlated with the extent of CAD (Fig. 2).
3.5. Global LV systolic function
Mean EF was 59"10% (37–73%). 55y60 patients (92%)
showed an EF)50%. Significant coronary stenoses were
found in five patients (100%) with a reduced EF.
3.6. Correlations of AAA size with cardiovascular risk
and extent of CAD
No significant correlation was found between AAA dimen-
sions (i.e. diameter and length) and FRS (Ps0.19; Ps0.58),
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Fig. 3. Coronal maximum intensity projection image (a) of an abdominal CT
examination in a 71-year-old man showing a partially thrombosed infrarenal
aortic aneurysm (aneurysm length 168 mm, diameter 94 mm). Volume ren-
dered image of the dual-source CT coronary angiography examination dem-
onstrates coronary artery disease (b). Curved multi-planar reformations show
significant stenoses of the left anterior descending artery (c, arrow) and right
coronary artery (d, arrowhead). No significant stenosis was detected in the
left circumflex artery (e). Subsequent conventional coronary angiography
confirmed the significant stenoses in the left anterior descending (f, arrow)
and right coronary artery (g, arrowhead).
AS (Ps0.60; Ps0.21), AS-related percentiles, and extent
of CAD (Ps0.19; Ps0.82) (Fig. 3).
4. Discussion
Accurate assessment of CAD in patients prior to AAA repair
is important for optimized risk stratification and for the
reduction of the peri-procedural morbidity and mortality
of these patients w10x. This study shows that cardiac CT
including calcium scoring and coronary angiography is fea-
sible in patients with AAA and provides incremental infor-
mation about the status of the coronary arteries beyond
the assessment of traditional cardiovascular risk factors
alone.
The distribution of cardiovascular risk factors in AAA
patients indicates the necessity of an improved preopera-
tive risk assessment over the assessment of traditional risk
factors alone w11x.
4.1. Calcium scoring
Coronary calcium scoring using CT has been used for
decades as a tool for optimizing the risk stratification for
the development of cardiac events w5x. In our study, the
coronary calcium burden varied substantially. When apply-
ing the AS to age- and gender-related percentiles w9x, 53%
of our patients were at high risk for future cardiac events.
Interestingly, no correlation was found between the tradi-
tional risk assessment and the AS. This fact illustrates the
importance of an examination that directly visualizes the
degree of CAD. This is consistent with recent data from
Greenland et al. w4x who showed that the AS modified the
predicted risk of cardiac events as compared to the FRS
alone.
4.2. CT coronary angiography
Galland w1x demonstrated that cardiac complications are
the major cause of death following elective AAA repair.
Patients who initially sustained a cardiac complication were
more likely to die from that problem than those who suffer-
ed other primary complications. Johnston w12x found that
two-thirds of deaths following repair of non-ruptured AAA
were due to cardiac events. The study also showed that
patients who had a cardiac problem after their operation
had a 25% mortality rate compared with 1% in those with
no cardiac complications. Thus, patients with ischemic
heart disease should be managed more intensively before,
during, and after the operation. Fifty-five percent of our
patients showed significant coronary artery stenoses. This
high prevalence is in accordance to a study by Hertzer et
al. w13x.
In general, the diagnostic accuracy of CT coronary angi-
ography may be hampered by heavy calcifications. This is
due to blooming artifacts caused by calcifications obscuring
the true vessel lumen. On the other hand, latest dual-
source CT technology did not show differences with respect
to the rate of segments with a diagnostic image quality in
patients having a low or high coronary calcium burden w6x.
Therefore, dual-source CT may still serve as a tool for non-
invasive exclusion of CAD even in patients with a high AS.
In our study, 99% of the coronary segments were visualized
with a diagnostic image quality in 95% of the patients.
Furthermore, CCA confirmed the CT diagnosis of significant
coronary stenosis in one-third of our patients. For these
reasons, we suggest that the diagnosis of significant coro-
nary artery stenoses can be accurately established prior to
AAA repair using CT, with the additional information from
calcium scoring that can be used for risk assessment.
The AS significantly correlated with the extent of CAD.
Thus, the AS may be used as a surrogate marker for the
severity of CAD in patients with AAA. This is in line with
data from the literature indicating that a higher AS more
likely predicts stenoses than does a lower AS w5x. On the
other hand, it is important to know that a negative calcium
score does not allow ruling-out significant stenoses. In our
study, two patients without any calcified but non-
calcified plaques suffered from significant coronary
stenoses.
4.3. Global LV systolic function
In general, parameters of LV function may be evaluated
by magnetic resonance imaging or transthoracic echocar-
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diogrpahy (TTE) the latter being clinically the most fre-
quently performed investigation for preoperative imaging
assessment. Due to an improved perioperative care, how-
ever, LV function is no longer considered a predictor for
adverse peri-procedural events. Nevertheless, it remains a
strong predictor regarding the long-term outcome, espe-
cially in patients at an increased risk for CAD w14x. Since
coronary artery imaging with CT is performed with ECG
synchronization, the LV is depicted in diastole and systole
and thus allows for the quantification of global LV systolic
function w7x. In our study, CT showed a reduced LV EF in
almost 10% of all patients.
4.4. Study limitations
First, there are various scores for stratifying the cardio-
vascular risk of patients. In the present paper we assessed
the Framingham method and CT calcium scoring. Secondly,
the study design does not allow for concluding whether to
treat or not to treat a patient in order to minimize cardiac
peri-operative risk. Further studies will have to show the
impact of cardiac CT on the peri-operative management
and how much the risk of patients is lowered. Finally,
contrary to TTE and magnetic resonance imaging, CT is
generally not suitable for the sole assessment of LV function
because of radiation exposure to the patient and the use
of contrast material. In addition, the functional significance
of coronary stenoses cannot be evaluated by purely ana-
tomical information as obtained by CT but by using func-
tional information as obtained by cardiac magnetic
resonance which also provides prognostic information for
risk stratification w15x.
5. Conclusions
Patients with AAA show a wide range of coronary calcium
burden with the majority at high risk for cardiovascular
events. The coronary calcium burden is correlated with
the extent of CAD. More than 50% of the patients with AAA
suffer from significant coronary stenoses which indicates
the need for a preoperative coronary evaluation. Future
studies are warranted to determine the impact of cardiac
CT findings on patient outcome after AAA repair.
References
w1x Galland RB. Mortality following elective infrarenal aortic reconstruc-
tion: a Joint Vascular Research Group study. Br J Surg 1998;85:633–
636.
w2x EVAR trial participants. Endovascular aneurysm repair and outcome in
patients unfit for open repair of abdominal aortic aneurysm (EVAR trial
2): randomised controlled trial. Lancet 2005;365:2187–2192.
w3x Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel
WB. Prediction of coronary heart disease using risk factor categories.
Circulation 1998;97:1837–1847.
w4x Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary
artery calcium score combined with Framingham score for risk predic-
tion in asymptomatic individuals. J Am Med Assoc 2004;291:210–215.
w5x Budoff MJ, Achenbach S, Blumenthal RS, Carr JJ, Goldin JG, Greenland
P, Guerci AD, Lima JA, Rader DJ, Rubin GD, Shaw LJ, Wiegers SE.
Assessment of coronary artery disease by cardiac computed tomo-
graphy: a scientific statement from the American Heart Association
Committee on Cardiovascular Imaging and Intervention, Council on
Cardiovascular Radiology and Intervention, and Committee on Cardiac
Imaging, Council on Clinical Cardiology. Circulation 2006;114:1761–
1791.
w6x Alkadhi H, Scheffel H, Desbiolles L, Gaemperli O, Stolzmann P, Plass A,
Goerres GW, Luescher TF, Genoni M, Marincek B, Kaufmann PA, Leschka
S. Dual-source computed tomography coronary angiography: influence
of obesity, calcium load, and heart rate on diagnostic accuracy. Eur
Heart J 2008;29:766–776.
w7x Yamamuro M, Tadamura E, Kubo S, Toyoda H, Nishina T, Ohba M,
Hosokawa R, Kimura T, Tamaki N, Komeda M, Kita T, Konishi J. Cardiac
functional analysis with multi-detector row CT and segmental recon-
struction algorithm: comparison with echocardiography, SPECT, and MR
imaging. Radiology 2005;234:381–390.
w8x Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. J Am Coll Cardiol 1990;15:827–832.
w9x Hoff JA, Chomka EV, Krainik AJ, Daviglus M, Rich S, Kondos GT. Age and
gender distributions of coronary artery calcium detected by electron
beam tomography in 35,246 adults. Am J Cardiol 2001;87:1335–1339.
w10x Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof E, Fleischmann
KE, Freeman WK, Froehlich JB, Kasper EK, Kersten JR, Riegel B, Robb
JF, Smith SC Jr, Jacobs AK, Adams CD, Anderson JL, Antman EM, Buller
CE, Creager MA, Ettinger SM, Faxon DP, Fuster V, Halperin JL, Hiratzka
LF, Hunt SA, Lytle BW, Md RN, Ornato JP, Page RL, Riegel B, Tarkington
LG, Yancy CW. ACCyAHA 2007 Guidelines on Perioperative Cardiovas-
cular Evaluation and Care for Noncardiac Surgery: Executive Summary:
A Report of the American College of CardiologyyAmerican Heart Asso-
ciation Task Force on Practice Guidelines (Writing Committee to Revise
the 2002 Guidelines on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery): developed in collaboration with the American
Society of Echocardiography, American Society of Nuclear Cardiology,
Heart Rhythm Society, Society of Cardiovascular Anesthesiologists,
Society for Cardiovascular Angiography and Interventions, Society for
Vascular Medicine and Biology, and Society for Vascular Surgery. Circu-
lation 2007;116:1971–1996.
w11x Bayazit M, Gol MK, Battaloglu B, Tokmakoglu H, Tasdemir O, Bayazit K.
Routine coronary arteriography before abdominal aortic aneurysm
repair. Am J Surg 1995;170:246–250.
w12x Johnston KW. Multicenter prospective study of nonruptured abdominal
aortic aneurysm. Part II. Variables predicting morbidity and mortality.
J Vasc Surg 1989;9:437–447.
w13x Hertzer NR, Beven EG, Young JR, O’Hara PJ, Ruschhaupt WF 3rd, Graor
RA, Dewolfe VG, Maljovec LC. Coronary artery disease in peripheral
vascular patients. A classification of 1000 coronary angiograms and
results of surgical management. Ann Surg 1984;199:223–233.
w14x Schouten O, Bax JJ, Poldermans D. Assessment of cardiac risk before
non-cardiac general surgery. Heart 2006;92:1866–1872.
w15x Pilz G, Jeske A, Klos M, Ali E, Hoefling B, Scheck R, Bernhardt P.
Prognostic value of normal adenosine-stress cardiac magnetic resonance
imaging. Am J Cardiol 2008;101:1408–1412.
eComment: Re: The heart of patients with aortic aneurysms:
evidence from cardiac computed tomography
Authors: Leo A. Bockeria, Bakoulev Center for Cardiovascular Surgery
RAMS, Rublevskoe Shosse 135, 121552 Moscow, Russia; Vladimir N.
Makarenko
doi: 10.1510/icvts.2009.215145A
The subject of this article, in our opinion, is a highly topical issue, because
despite the great advances in cardiovascular surgery and particularly in the
surgical treatment of abdominal aortic aneurysm (AAA), concomitant coro-
nary artery lesions still remain a serious problem w1x.
In the 1980s great attention was paid to the detection of coronary artery
lesions in patients with AAA w2x. At our center, we used to perform selective
coronary angiography through the femoral or the axillary arteries, and even
through the translumbar aortic approach for patients in whom AAA was
accompanied by brachial artery obstruction.
Computed tomography (CT) has been successfully used for aortic aneurysm
detection for a long time. A relatively recent CT-application technique for
the examination of coronary arteries was sequentially tested on 16-, 32-
and 64-slice CT scanners. Now this technique looks perfect w3x.
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Our experience of coronary arteries examination on 128-slice CT-scanner
shows that such technique provides high quality diagnostic images, if all
routine procedures are performed properly.
The authors of the article managed to demonstrate that the issue of a
non-invasive detection of concomitant coronary artery lesions in patients
with AAA might be considered to be solved.
References
w1x Stolzmann P, Phan C, Desbiolles L, Lachat M, Pfammatter T, Marincek
B, Prokop M, Alkadhi H. The heart of patients with aortic aneurysms:
evidence from cardiac computed tomography. Interact CardioVasc
Thorac Surg 2009;9:769–774.
w2x Hertzer NR, Young JR, Kramer JR, Phillips DF, deWolfe VG, Ruschhaupt
WF 3rd, Beven EG. Routine coronary angiography prior to elective
aortic reconstruction: results of selective myocardial revascularization
in patients with peripheral vascular disease. Arch Surg 1979;114:1336.
w3x Busch S, Johnson TR, Nikolaou K, von Ziegler F, Knez A, Reiser MF,
Becker CR. Visual and automatic grading of coronary artery stenoses
with 64-slice CT-angiography in reference to invasive angiography. Eur
Radiol 2007;17:1445–1451.
